Fine-needle aspiration cytology (FNAC) is a minimally invasive procedure usually well tolerated, easy to perform, quick, cheap and easy to repeat in case of doubts or non-diagnostic results. Echography is also a fast, cheap and non-invasive tool; however, the role of FNAC and echography in the diagnosis of salivary gland pathology is not universally recognised. Three hundred and fifty-seven patients with a cytological diagnosis at FNAC, and 247 of these who were also studied with echography, were enrolled for this retrospective study. The final histopathological diagnoses, obtained after surgery, were then compared to the preoperative FNAC diagnoses and echographic findings. From the analysis of our data, the overall FNAC specificity resulted 93%, sensitivity 83%, and diagnostic accuracy 92%. Echography sensibility was 57.1% specificity 98.2%, while positive and negative predictive value were respectively 80% and 94.8%. While echography can be useful in order to provide a better characterization of salivary gland lesions, FNAC can then be considered a safe diagnostic tool with reliable sensitivity and specificity for the assessment of salivary gland pathology and thus for selecting patients and indicating the best surgical treatment.
It has been reported that major salivary gland tumours represent approximately 3% of all head and neck tumours; 80% involve parotid gland and 75% are benign neoplasms (l). According to the most recent WHO histological classification (2005) there is a broad spectrum of different histotypes of major salivary gland tumours (2) , thus it is necessary to make a correct preoperative diagnosis in order to decide the best surgical/therapeutical approach. In this way, in order to perform a correct preoperative assessment, we used fine needle aspiration cytology (FNAC) and echography.
FNAC is a minimally invasive method that does not require anaesthesia; it is well tolerated by the patient, easy to perform, quick, with rare complications, cheap and can be easily repeated in case of doubts or non-diagnostic results in order to reach a more accurate diagnosis (3) . Echography is also a fast, cheap and non invasive tool. However, the role of FNAC and echography in the diagnosis of salivary gland pathology is not universally recognised (4, 5) . Since its use is still controversial, most ENT surgeons prefer intraoperative frozen section examination to preoperative FNAC (6) (7) .
The aim of this study is to show the accuracy and reliability of FNAC for the diagnosis of benign and malign tumours of major salivary glands through the evaluation of its diagnostic accuracy-sensibility, specificity, negative predictive value (NPY), and positive predictive value (PPY) on a large group of patients. We also evaluated the contribution that echography could provide for the assessment of these lesions.
MATERIALS AND METHODS
This is a retrospective study of 357 patients, with a cytological diagnosis after FNAC, who were surgically treated at the Otolaryngology Department of the University Hospital of Ferrara from January 2001 until December 2011. Of these, 3 16 underwent a parotidectomy while 41 underwent a submandibular gland excision in cervicotomy.
The preoperative staging of the lesions was performed by clinical examination, ultrasound examination, FNAC, and in some cases by a head and neck CT scan and/or a head and neck MRI.
FNAC
The FNAC cytology was usually performed by the ENT specialist in the outpatient clinic. The procedure was carried out by a vacuum system (CAMECO, 23-25G needles) and without ultrasound guidance, in case of a palpable lesion. Samples were immediately processed, at the Institute of Pathology, University Hospital of Ferrara, (May-Grunwald Giemsa staining), and the diagnosis was made by an experienced pathologist. Cytology results were then divided into six categories: benign cytological sample = SO; non-diagnostic cytology sample = S1; cytologic sample addressing a benign neoplasm = S2; cytologic sample with atypical cytological findings = S3; cytologic sample suspicious for malignancy = S4; cytologic sample addressing a malignant neoplasm = S5.
The cases SO, S 1 and S2 were considered as negative (non-malignant) while S3, S4, S5 as positive (malignant).
The final histological diagnoses were divided into three categories: I) non-neoplastic lesion; 2) benign neoplasm; 3) malignant neoplasm. The final histological diagnosis of non-neoplastic lesions and benign neoplasm were combined in order to have only two preoperative sets: benign and malignant tumours.
The final histopathological diagnoses were then compared to the preoperative FNAC diagnoses, in order to evaluate FNAC accuracy-sensibility, specificity, negative predictive value (NPY), and positive predictive value (PPY).
Echography
Two hundred and eighteen of the 316 patients with parotid tumours and 29 of 41 patients with submandibular gland tumours, underwent an echographic ultrasound examination (247 of 357 patients underwent ultrasound, 70% of the studied group). Each ultrasound report described the following characteristics of the lesion: I) morphology; 2) margins; 3) dimensions; 4) echogenicity; 5) echostructure. The reports were then divided in order to assess: I) a suspected benign lesion; 2) a suspected malignant lesion. Parameters to suspect a malignant lesion were an irregular morphology, margins not defined, an non-homogeneous echostructure and size with a major axis greater than 2 cm.
We then compared the final histopathological diagnosis with the corresponding diagnostic categories obtained from the ultrasound evaluation.
Statistical analysis
An SPSS software (vers.12.0) for Windows operating systems was utilized. The analysis of biological and clinical variables was conducted using the Chi-square tests.
RESULTS

FNAC
Of the 357 lesions that underwent FNAC (and definitive histological examination), showed that 285 cases (79.8%) were benign tumour, 37 cases (10.4%) were non-neoplastic lesions, and 35 cases (9.8%) were malignant pathologies. In particular, of the latter, 8 967 adenoidocystic carcinoma at the final histology; the latter case was a granulocytic inflammation at FNAC, and the definitive histology disclosed a metastatic squamous cell carcinoma. The correlation between FNAC and benign lesions was 85.4% (overall specificity); the highest correlation was demonstrated for pleomorphic adenoma (97%, 141/146), followed by Warthin tumour (88%, 98/112). There were only 3 false positive cases.
When dividing FNAC diagnosis into benign and malignant, 299 of 302 benign cases were confirmed histologically (while 3 were malignant, false negative), while 29 of32 malignant cases were confirmed histologically (3 were then false positive).
Thus, the overall FNAC specificity was 93% (299/322), the sensitivity 83% (29/35), and the diagnostic accuracy 92% (299 +29/357). The positive predictive value was then 100% for categories S4 and S5, while it was 50% for category S3, with an overall PPY of90.6% (29/32). The negative predictive value was 99% (299/302).
Echography
We also evaluated the echography reliability, comparing the ultrasound appearance with the final 968 A. PASTORE ET AL. histological results. Of 58 cases (92%) of benign suspects, only 55 actually had a benign neoformation confirmed by the histological examination (true negative). Among the 5 cases of malignant suspects (8%), 4 showed a malignant report following the histological examination (true positive). The false negative and positive were respectively 3 and 1. On the basis of these data, echography sensibility was 57.1% (417) and the specificity 98.2% (55/56). The positive and negative predictive value were respectively 80% and 94.8%. We also considered the diagnostic accuracy of FNAC combined with the ultrasound investigation. The cytological diagnoses associated with the echography were divided into two groups: S2 (suspected benign) and S4 (suspected malignancy). The first group included 56 cases, 55 of which were confirmed histologically as benign lesions (true negatives), while one was a malignant lesion (false negatives). The malignant results were 7 in total, 4 of which were confirmed at the histological verification (true positives) while 3 were benign lesions (false positives), with an accuracy of93.7% (55+4/63).
DISCUSSION
It has been reported that FNAC is a minimally invasive method usually well tolerated by the patient, easy to perform, quick, with rare complications, cheap and easy to repeat in case of doubts or nondiagnostic results. Also echograpy is a fast, cheap and non-invasive tool; however, the role of FNAC and echography in the diagnosis of salivary gland pathology is still not universally recognised (3) (4) (5) (6) (7) (8) .
In the present study, FNAC had a sensibility, a specificity and a diagnostic accuracy of 83%, 93% and 92%, respectively. Positive and negative predictive values were 91% and 99%, respectively. The value of false negative rates of our study is satisfactory (8.6%) if compared to the value of other studies available in the literature (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . The value of the false positive rates is 0.9%. In the literature (from 1993 to 2012), the sensibility of the FNAC shows a variability that ranges from 52% to 97.6%, a specificity range of 53%-100%, while the accuracy for the identification of benign and/or malignant lesions ranges from 56% to 98%; these values are well correlated with the results of our study. Thus, the results from the present study show that FNAC is a helpful high-quality tool for the diagnosis of the major salivary gland lesions (20) (21) (22) . This technique allows a high degree of histological identification rate (85.2% of histotype concordance) for both benign and malignant lesions. In the paper by Kechagias et al. (23) , the diagnostic accuracy of specific types of tumours was about 80% and was higher for benign tumours. The present study also shows that histotype concordance is higher for benign neoplasm than for malign (83%). The accurate diagnosis of malign histotypes is still a challenge, and it is probably due to the extremely various morphology of presentation of the major salivary gland pathology, representing a highly complex cytological interpretation and great difficulty in gaining the necessary adequate experience (24) (25) (26) (27) . Some carcinomas of the salivary glands are characterized by malign cells of different nature and generally their proportions in their representations and their architectural organization define the specific malignant histotype. Also when considering benign tumours, the cellular variability of the lesions may generate some difficulties for the FNAC diagnosis. This problem is also present within pleomorphic adenomas diagnosis, but, despite these difficulties, in our study the diagnostic concordance for this histotype resulted very high 96.6% (141 of 146 cases), while in the literature it ranges between 78% and 94%. Also for Warthin tumour histotype the diagnostic sensibility has a wide reported range of variability, from 33 to 100%, while in our experience the diagnostic accuracy was very good (88%) (25) . It is also necessary to emphasize that our data represent the result of a close cooperation between ENT specialists and skilled pathologists; this type of collaboration is a fundamental requisite in order to optimize FNAC diagnostic accuracy (26, 27) . There are many factors that can influence FNAC adequacy, including experience in the procedures, the positioning of the tiny needle within the target tissue, artefacts when preparing the histological samples. In non-diagnostic cases, the FNAC repetition reduced the inadequate cytological case rate (S I) from 36 to 23, thus increasing FNAC sensibility from 71.4% to 82.9%, FNAC specificity from 89.8 to 92.9%, and FNAC diagnostic accuracy from 88% to 92%.
Also echography resulted a good diagnostic tool in order to provide a better characterization of salivary gland lesions, with a sensibility of 57.1%, and a specificity that resulted even higher than FNAC's. Nonetheless, due to its lower sensibility when compared to FNAC echography cannot be considered a method as reliable as FNAC. Moreover, the total cost of echography and FNAC is 123.50 euros, against 249.45 euros of a contrast MRI; therefore, the application of echography and FNAC as first level examinations allows a costs saving.
In conclusion, the present study indicates that FNAC is a safe diagnostic tool that has a reliable sensitivity and specificity for the assessment of salivary gland pathology. While echography can be useful in order to provide a better characterization of the lesions, FNAC can then be considered a useful tool for selecting patients and for indicating surgical treatment. Moreover it could be useful to select patients that need further investigations such as CT and/or MRI scans, in order to reach a better compromise between costs and benefits for the preoperative stadiation of major salivary glands pathology.
